Background: Several studies have demonstrated better outcomes for carotid endarterectomy (CEA) at high-volume hospitals and providers. However, only a few studies have reported on the impact of surgeons' specialty and volume on the perioperative outcome of CEA. Methods: This is a retrospective analysis of CEA during a recent 2-year period. Surgeons' specialties were classified according to their Board specialties into general surgeons (GS), cardiothoracic surgeons (CT), and vascular surgeons (VS). Surgeons' annual volume was categorized into low volume (<10 CEAs), medium volume (10 to <30 CEAs), and high volume ( ‡30 CEAs). The primary outcome was 30-day perioperative stroke and/or death; however, other perioperative complications were analyzed. Both univariate and multivariate analyses were done to predict the effect of specialty/volume and any other patient risk factors on stroke outcome. Results: Nine hundred and fifty-three CEAs were performed by 24 surgeons: 122 by seven GS, 383 by 13 CT, and 448 by 4 VS. Patients' demographics/clinical characteristics were similar between specialties, except the incidence of coronary artery disease, which was higher for CT (P < .0001). The indications for CEA were symptomatic disease in 38% for VS, 31% for GS, and 23% for CT (P < .0001). The perioperative stroke and death rates were 4.1%, 2.9%, and 1.3% for GS, CT, and VS, respectively (P [ .126). A subgroup analysis showed that the perioperative stroke rates for symptomatic patients were 5.3%, 2.3%, and 2.3% (P [ .511) and for asymptomatic patients were 3.6%, 3%, and 0.72% (P [ .099) for GS, CT, and VS, respectively. Perioperative stroke rates were significantly higher for nonvascular surgeons (GS and CT combined) vs VS in asymptomatic patients (3.2% vs 0.72%; P [ .033). Perioperative stroke/death was also significantly lower for high-volume surgeons: 1.3% vs 4.1% and 4.3% for medium-and low-volume surgeons (P [ .019) (1.3% vs 4.15% for high vs low/medium combined; P [ .005). More CEAs were done for asymptomatic patients in the low/ medium-volume surgeons (78%) vs high-volume surgeons (64%; P < .0001) with a stroke rate of 4.6% for low/mediumvolume surgeons vs 0.51% for high-volume surgeons (P [ .0005). A univariate logistic analysis showed that the odds ratio of having a perioperative stroke was 0.3 (95% confidence interval [CI], 0.13-0.73; P [.008) for high-volume surgeons vs low/medium-volume surgeons, 0.4 (95% CI, 0.16-1.07; P [ .069) for VS vs CT/GS and 0.2 (95% CI, 0.06-0.45; P [ .0004) when patching was used. A multivariate analysis showed that the odds ratio of having a perioperative stroke for CT VS was 2.1 (95% CI, 0.71-5.92; P [ .183); for GS vs VS, 1.8 (95% CI, 0.49-6.90; P [ .3709); for low-volume surgeons (vs high-volume) 3.4 (95% CI, 0.96-11.77; P [ .0581); medium-vs high-volume surgeons 2.2 (95% CI, 0.75-6.42; P [ .1509). Conclusions: High-volume surgeons had significantly better perioperative stroke/death rates for CEA than low/mediumvolume surgeons. Perioperative stroke/death rates were also higher for nonvascular surgeons in asymptomatic patients. (J Vasc Surg 2013;58:666-72.) 
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Background: Several studies have demonstrated better outcomes for carotid endarterectomy (CEA) at high-volume hospitals and providers. However, only a few studies have reported on the impact of surgeons' specialty and volume on the perioperative outcome of CEA.
Methods: This is a retrospective analysis of CEA during a recent 2-year period. Surgeons' specialties were classified according to their Board specialties into general surgeons (GS), cardiothoracic surgeons (CT), and vascular surgeons (VS). Surgeons' annual volume was categorized into low volume (<10 CEAs), medium volume (10 to <30 CEAs), and high volume ( ‡30 CEAs). The primary outcome was 30-day perioperative stroke and/or death; however, other perioperative complications were analyzed. Both univariate and multivariate analyses were done to predict the effect of specialty/volume and any other patient risk factors on stroke outcome. Results: Nine hundred and fifty-three CEAs were performed by 24 surgeons: 122 by seven GS, 383 by 13 CT, and 448 by 4 VS. Patients' demographics/clinical characteristics were similar between specialties, except the incidence of coronary artery disease, which was higher for CT (P < .0001). The indications for CEA were symptomatic disease in 38% for VS, 31% for GS, and 23% for CT (P < .0001). The perioperative stroke and death rates were 4.1%, 2.9%, and 1.3% for GS, CT, and VS, respectively (P [ .126). A subgroup analysis showed that the perioperative stroke rates for symptomatic patients were 5.3%, 2.3%, and 2.3% (P [ .511) and for asymptomatic patients were 3.6%, 3%, and 0.72% (P [ .099) for GS, CT, and VS, respectively. Perioperative stroke rates were significantly higher for nonvascular surgeons (GS and CT combined) vs VS in asymptomatic patients (3.2% vs 0.72%; P [ .033). Perioperative stroke/death was also significantly lower for high-volume surgeons: 1.3% vs 4.1% and 4.3% for medium-and low-volume surgeons (P [ .019) (1.3% vs 4.15% for high vs low/medium combined; P [ .005). More CEAs were done for asymptomatic patients in the low/ medium-volume surgeons (78%) vs high-volume surgeons (64%; P < .0001) with a stroke rate of 4.6% for low/mediumvolume surgeons vs 0.51% for high-volume surgeons (P [ .0005). A univariate logistic analysis showed that the odds ratio of having a perioperative stroke was 0. Carotid endarterectomy (CEA) is considered the treatment of choice by many surgeons for carotid occlusive disease in selected patients. The surgical team may include multiple specialties with specific levels of training and expertise. Some studies have found that higher surgical volume results in lower complication rates with CEA, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] whereas others have found high-volume centers to be beneficial. [13] [14] [15] [16] [17] Surgeon specialty may also play a role in CEA outcomes, with some studies finding an advantage of one surgical specialty over another. 4, 6, 10, 18, 19 Only a handful of studies have examined the impact of surgeon's volume and specialty as it relates to CEA outcomes. 4, 6, 10, 19, 20 In light of the recent health reform and the related issues of comparative and cost-effectiveness, there is a significant demand to define outcome-related intervention. From the recent advances in the best medical therapy, to the growing attitude to limit CEA to symptomatic patients, to the advent of carotid stenting, current circumstances have increased the logistics behind demanding minimal complications for those who present with severe carotid occlusive disease, especially in those with asymptomatic lesions. 21, 22 As such, this study was designed to evaluate the relationship between surgeon's volume and specialty and perioperative complications and to determine if indications for intervention vary according to specialty.
METHODS
This is a retrospective analysis of perioperative outcomes of CEA during a recent 2-year period (2010) (2011) at Charleston Area Medical Center/West Virginia University, Charleston, West Virginia, and it was approved by the Institutional Review Board. Patients' demographics and clinical characteristics were recorded, including presence or absence of hypertension, coronary artery disease (history of angina or myocardial infarction [MI]), diabetes mellitus, congestive heart failure, chronic obstructive pulmonary disease, history of smoking, preoperative chronic renal insufficiency, and hyperlipidemia . Physicians' notes, nurses' notes, and operative and imaging reports were reviewed for each patient. Postoperative data were obtained from hospital charts, clinic and office records, primary or referring physicians, and telephone interviews with physicians or patients, if necessary. The medical records of patients who were re-admitted within 30 days postoperatively were also reviewed for the occurrence of a new perioperative complication, specifically stroke, MI, or death. Patients were excluded from analysis if they had another major vascular procedure (eg, combined CEA and coronary artery bypass grafting, sequential bilateral CEA during the same hospitalization, CEA for acute stroke, or redo CEA).
The degree of carotid artery stenosis was determined from the vascular laboratory reports, which were previously validated using the North American Symptomatic Carotid Endarterectomy Trial (NASCET) measurements. 23 Carotid stenosis was defined as symptomatic or asymptomatic, according to NASCET criteria (ie, ipsilateral hemispheric or ocular event within 120 days of surgery) defining the patient as symptomatic.
All CEAs were done under general anesthesia with routine shunting and systemic heparin. All major postoperative adverse outcomes were collected and analyzed, including perioperative stroke, identified when a hemispheric deficit not noted preoperatively was noted for more than 24 hours, and perioperative transient ischemic attack (TIA), if the neurologic deficit lasted less than 24 hours. Strokes were also further stratified as either minor (<3 Rankin scale) or major strokes. Strokes occurring after hospital discharge but within the 30-day postoperative period were identified from hospital admission or progress notes for re-admitted patients or outpatient physician offices. Postoperative cerebral computed tomography/ magnetic resonance scans were only performed on patients with documented neurological events (TIA/stroke). A postoperative MI was recorded if it was documented by an electrocardiogram and elevated isoenzymes as reported by a cardiologist during the postoperative period and before discharge. Other recorded perioperative complications included neck wound hematoma (if operative evacuation was necessary), any signs or symptoms consistent with cranial nerve injury (eg, hoarseness of voice, superior or recurrent laryngeal nerve or vagus nerve), tongue deviation or dysarthria (hypoglossal nerve injury), and mouth asymmetry (the mandible branch of the facial nerve, V7). All major adverse events (MAE: stroke, MI, and death) were verified by physicians who did not perform the CEA. All perioperative stroke/TIAs and myocardial infarctions were verified by neurologists and cardiologists, respectively.
Surgeon specialty and volume. Surgeon specialties were classified according to the American Board of Medical Specialties into general surgeons (GS), cardiothoracic surgeons (CT), and vascular surgeons (VS). Surgeons' annual volume was categorized into low volume (<10 CEAs), medium volume (10 to <30 CEAs), and high volume ($30 CEAs).
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Statistical analysis. The data analysis was performed using SAS 9.2 (SAS Institute Inc, Cary, NC). Comparisons of categorical variables were performed using a contingency table analysis with an c 2 test or Fisher exact test to determine statistically significant differences. To determine if any age differences existed among specialty or volume groups, an analysis of variance test or t-test was used. Associations between each risk factor and the occurrence of a perioperative stroke and/or death were tested using logistic regression. Variables with significant associations using univariate analysis were subsequently tested with multivariate logistic regression. An alpha level of #.05 was used to determine statistical significance.
RESULTS
Nine hundred and fifty-three CEAs (881 patients) were performed by 24 surgeons: 122 by seven GS, 383 by 13 CT, and 448 by four VS. Patients' demographics and clinical characteristics are summarized in Table I . As noted, these characteristics were similar between specialties, except for the incidence of coronary artery disease, which was higher among patients of the CT surgeons (P < .0001). The indications for CEA were symptomatic disease in 38% for the VS group, 31% for the GS group, and 23% for the CT group (P < .0001). Eighty-seven percent of asymptomatic indications were $70% stenosis for VS vs 82% for CT and 86% for GS (P ¼ .2463), while the remaining were for $60%-70% stenosis. Patching was utilized in 99% for VS, 93% for CT, and 76% for GS.
Surgeon's specialty/perioperative outcome. Table II summarizes the perioperative complications and surgical specialties. As noted, the perioperative stroke and death rates were 4.1%, 2.9%, and 1.3% for the GS, CT, and VS, respectively (P ¼ .126). A subgroup analysis showed the perioperative stroke rates for symptomatic patients were 5.3%, 2.3%, and 2.3% (P ¼ .511) and for asymptomatic patients were 3.6%, 3%, and 0.72% (P ¼ .092) for GS, CT, and VS, respectively. None of the 72 patients with bilateral CEAs had perioperative stroke or death. Other perioperative complications were significantly higher for the CT group (6.3% vs 3.6% for the VS group, and 1.6% for the GS group; P ¼ .047). There were 16 other complications in the VS group, which included four with cardiac arrhythmias that required additional treatment, three with congestive heart failure, one with acute renal failure, one with acute respiratory failure, one with pneumonia, one with a gastrointestinal bleed, four with wound infections, and one with cerebral hyperperfusion. There were 24 other perioperative complications in the CT group: seven with cardiac arrhythmias, three with acute renal failure, three with congestive heart failure, four wound infections, one with acute respiratory failure, two with pneumonia, one with a urinary tract infection, and three with cerebral hyperperfusion. The two other perioperative complications in the GS group were one wound infection and one cerebral hyperperfusion. Table III summarizes the perioperative complications for the vascular surgery group compared with the combined nonvascular surgery group (CT and GS). The perioperative stroke rate for the vascular surgery group was 1.3% vs 3.2% for the nonvascular group (P ¼ .061); however, the perioperative stroke rate was significantly higher for the nonvascular surgery group vs the vascular surgery group in the asymptomatic patients (3.2% vs 0.72%; P ¼ .033).
Surgeons' volume/perioperative outcome. Table IV summarizes the perioperative outcome according to surgeons' volume. The perioperative stroke/death rates were also significantly lower for high-volume surgeons: 1.3% vs 4.1% and 4.3% for medium-and low-volume surgeons (P ¼ .019). Table IV also summarizes the perioperative outcome and volume when combining low/ medium-volume surgeons vs high-volume surgeons. As noted, the perioperative stroke/death rates were statistically significantly higher for low/medium-volume surgeons vs high-volume surgeons (4.2% vs 1.3%; P ¼ .005). More CEAs were done for asymptomatic patients in the low/ medium-volume surgeon group (78% vs 64%; P < .0001). When only asymptomatic patients were considered, the perioperative stroke rate was statistically significantly higher for low/medium-volume surgeons vs high-volume surgeons: 4.6% vs 0.51% (P ¼ .0005). The Fig correlates the number of cases per year vs the combined stroke and death rate and shows that, overall, the higher the annual volume of CEAs, the lower the incidence of perioperative strokes and death. However, some low/medium-volume surgeons (CT or GS) also had low stroke/death rates. If we exclude one GS, who had two strokes out of six CEAs, the lowvolume surgeons' perioperative stroke rate would drop from 4.3% to 2.3%, and the GS perioperative stroke rate would drop from 4.1% to 2.6%. Since all VS were high-volume surgeons, and if we nested procedures within specialties to see if volume is correlated with outcome within specialties, the following was noted. The perioperative stroke rate for low/mediumvolume CT surgeons was 3.6% (10/278), and for highvolume CT was 0.95% (1/105), low/medium-volume GS was 6.78% (4/59), and high-volume GS was 1.6 (1/63); in contrast to 1.35% (6/448) for VS (P ¼ .0417). However, the differences were not statistically significant within CT surgery (P ¼ .3019) or GS (P ¼ .1964).
Univariate and multivariate logistic analysis of surgical specialty/volume and outcome. Univariate logistic analysis, using volume in the model ( Table V) , showed that the odds ratios (ORs) of having a perioperative stroke were 3.4 for low-vs high-volume surgeons (95% confidence interval [CI], 1.01-11.58; P ¼ .0485), 3.2 for medium-vs high-volume surgeons (95% CI, 1.27-8.33; P ¼ .0142), 0.3 for high-vs low/medium-volume surgeons (95% CI, 0.13-0.73; P ¼ .0079), and 1.3 for symptomatic patients (95% CI, 0.53-3.06; P ¼ .5950).
However, a multivariate logistic analysis, using volume in the model showed that the OR of having a perioperative stroke were 3.4 for low-vs high-volume surgeons (95% CI, 0.96-11.77; P ¼ .0581), 2.2 for medium-vs high-volume surgeons (95% CI, 0.75-6.42; P ¼ .15090142), 0.4 for high-vs low/medium-volume surgeons (95% CI, 0.15-1.05; P ¼ .0633), and 0.28 when patching was used (95% CI, 0.1-0.8; P ¼ .018).
Table V also summarizes the univariate and multivariate analysis considering specialty in the model. As noted 
DISCUSSION
CEA is one of the most commonly performed major peripheral vascular procedures in the United States, especially among vascular surgeons. This procedure is also performed by other surgical specialties, including CT surgeons, GS, neurosurgeons, and otorhinolaryngologists, 24 in a variety of hospital settings, whether it be low-, intermediate-, or high-volume centers. There has been much attention in the literature evaluating the outcomes of this procedure, and comparisons have been made between low-volume and high-volume centers, between various specialties and case volumes, and between various specialties themselves. These studies have attempted to determine which specialty and which setting offers the best outcomes and the least complications. This information will, no doubt, play an important role in potential referral patterns by primary care physicians and gatekeepers, as well as cross-referrals from other specialties, especially in the modern medical climate of diminishing reimbursements and insurance coverage. Indeed, with the advent and advancement of carotid artery stenting, as well as improvements in "best medical treatment," there will almost certainly be additional scrutiny on CEA outcomes as the medical profession grapples with the ideal treatment modality for atherosclerotic carotid artery disease. 21, 22, 25 This study analyzes the effect of both specialty and surgeon volume on perioperative outcomes of CEA. Our results show a statistically significant increase in perioperative stroke and death rates for low-volume surgeons (<10 cases/y) and medium-volume surgeons (<30 cases/y) compared with the high-volume group (>30 cases/y). Additionally, the perioperative stroke and death rates were significantly lower when comparing the high-volume group to the low-and medium-volume groups combined together (essentially comparing <30 cases/y to $30 cases/y). Combining the low and medium groups into a single group for comparative purposes is important, as other published studies evaluating surgeon volume outcomes have low-volume amounts ranging from <1 to <18 procedures annually, 26 and high-volume amounts ranging from >10 to >50 procedures annually. 6, 27 Ruby et al, 4 who analyzed 3997 CEAs performed by 226 surgeons in four specialties (general, cardiac, vascular, and neurosurgery), reported that the combined stroke and/or death rates were influenced significantly by the surgeon's annual volume. Surgeons who performed one or few CEAs (43% of total surgeons) were 2.5 times more likely (P > .002) to have a poor postoperative outcome that those who performed $10 CEAs/y (9.3% of total surgeons). They also noted that, overall, there was a statistically significant correlation between a surgeon's annual volume and outcome, particularly for general surgeons.
Cowan et al categorized low-, medium-, and high-volume surgeons in the same manner as our study, and they found that a surgeon's CEA volume was a much more significant variable than either total hospital volume or surgeon specialty, and that mortality and postoperative stroke were significantly lower for high-volume surgeons. 3 Kempczinski et al found better results for surgeons performing more than 50 CEAs/y, but the results were not statistically significant 20 ; however, Moore et al reanalyzed the results and regrouped the surgical activity into a "low, medium, and high" categorization. 7 Once this was done, the results demonstrated a much stronger trend toward better results with greater operative activity. Segal et al compared results from surgeons with <30 cases to those with $30 cases and noted that the lower case volume surgeons had significantly higher operative mortality rates. 8 Kucey et al analyzed the outcome of 1280 primary CEAs and concluded that the significant predictor of a poor outcome was low surgeon volume (<6 cases/y; OR, 3.98; 95% CI, 1.65-9.58). 9 Numerous other studies have shown better outcomes for high-volume surgeons. 5, [10] [11] [12] Relatively few articles demonstrate little or no individual surgeon volume effect, 5, 14, 19, 28, 29 and we are unaware of any published articles supporting the contrary.
Therefore, our study, as well as those discussed above, support the finding that surgeon volume plays an important role in CEA outcomes. This bears further investigation, as referral patterns may benefit more from targeting experienced surgeons rather than individual institutions. Indeed, it is entirely possible for a patient to receive an unfortunate outcome from an inexperienced surgeon in a large, wellknown, high-volume institution. Conversely, a patient may enjoy excellent outcomes from a well-experienced surgeon practicing in a small community hospital, in which the majority of that institution's CEA volume comes from a single surgeon or small group of surgeons.
We found that surgical specialty appears to play a smaller role in CEA outcomes. Although this study does show diminished perioperative stroke and death rates for the VS specialty (1.3%) compared with CT surgeons (2.9%) and GS (4.1%), the results were not statistically significant (P ¼ .126). A further subgroup analysis, comparing a combined GS/CT surgery group against the VS group, demonstrates a statistically significant improvement in perioperative stroke rates in asymptomatic patients for the VS group (3.2% vs 0.72%; P ¼ .033). There was also a lower perioperative stroke rate in the whole series (1.3% vs 3.2%).
Analysis of outcomes for asymptomatic carotid disease is especially critical. CEA for asymptomatic disease is a far more common indication for surgery than symptomatic disease, and a majority of CEAs performed today are done on asymptomatic patients. To derive any benefit from carotid surgery compared with medical therapy, based on the Asymptomatic Carotid Atherosclerosis Study, the surgeon must be able to demonstrate acceptably low perioperative stroke and mortality rates. 30 Thus, evaluation of results by various specialties for asymptomatic patients is a very relevant exercise. Specialty training in vascular surgery has been shown to be beneficial in carotid surgery in many published studies assessing surgeon specialty and outcomes. Hannan et al found that patients undergoing CEA by VS had significantly lower odds of adverse outcomes than those by other surgeons. 6 Vascular surgeons had the lowest combined stroke and/or death rates (3.9%) when Ruby et al compared VS, GS, CT, and neurosurgery specialties, but the results were not significant. 4 Mattos et al 10 found cumulative stroke rates and combined stroke/mortality rates substantially lower for VS when comparing the same specialties as Ruby et al. 4 However, Kempczinski et al found no difference with different surgical specialties. 20 Similarly, the NASCET showed no difference in outcomes between surgical specialties, which included neurosurgeons. 23 However, the NASCET was not designed to analyze the impact of surgical specialty on CEA outcomes. It should be noted that 6/13 (46%) CT surgeons and 4/7 (57%) GS in our study had no stroke, death, or MI (ie, surgical specialty alone may not be the only determining factor in outcome).
Our present study is unique in the fact that it analyzed the effect of both volume and specialty. Out of five studies that have analyzed the combined effect of both surgeon specialty and volume, 4, 6, 10, 19, 20 all but one support our conclusions. 20 Three of these studies were published in the mid-1980s and 1990s 4, 10, 20 and the other two over a decade ago, 6, 19 and only one of these studies used a multivariate analysis model. 6 A univariate analysis in our study demonstrated that the OR for perioperative stroke was 3.4 (95% CI, 1.01-11.58; P ¼ .0485) when comparing low-volume surgeons vs high-volume surgeons, and an OR of 3.2 (95% CI, 1.27-8.33; P ¼.0142) when comparing medium-vs high-volume surgeons. However, a multivariate analysis showed an OR of 3.4 (95% CI, 0.96-11.77) when comparing low-volume and highvolume surgeons, but was not statistically significant (P ¼ .0581), which may be explained partly because of the effect of patching in the model. When comparing specialties, the OR of perioperative stroke was 2.2 (95% CI, 0.80-5.95; P ¼ .1286) for CT vs VS and 3.1 (95% CI, 0.94-10.50; P ¼ .0619) for GS vs VS in the univariate model, however, a multivariate analysis showed an OR of 2.1 (95% CI, 0.71-5.92; P ¼ .1825) for CT vs VS, and 1.8 (95% CI, 0.49-6.90; P ¼ .3709) for GS vs VS (not statistically significant), which again may be attributed to the effect of patching. Our current study has the usual limitations of a retrospective study, and reporting bias likely contributes to some degree of error. There was no neutral, uniform evaluation for postoperative MAEs and the results were dependent upon the experience and thoroughness of each surgeon and their practice patterns. However, all MAEs (stroke, MI, and death) were verified by physicians who did not perform the CEA. Nevertheless, the results of this study identify the importance of surgeon volume in predicting outcomes in carotid surgery, with a smaller role for surgeon specialty, with high-volume surgeons with vascular specialty training affording the greatest benefit in reducing complications of carotid surgery, especially in asymptomatic patients. 
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